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Dynamic and Thermal Effects 


BASIC STRESS FORMULA 


The simplest expression for calculating the thermal stresses is based on the treat¬ 
ment of an elastic, uniformly heated or cooled bar, restrained firmly at the ends 

a = Eo. AT (17.1) 


When the temperature of the bar is decreased, the bar develops tension. Compres¬ 
sive stress, on the other hand, is caused by an increase in temperature. Since only 
the elastic stresses are considered, the total strain is the sum of the stress- and 
temperature-dependent strains [99]. 

In Eq. (17.1), a denotes the coefficient of linear, one-directional, thermal expan¬ 
sion, which for the majority of structural materials varies between 5 and 15 x 10 -6 
per °F. The corresponding volumetric strain due to the temperature change is 


(f) r = 3aAT (17 - 2) 

Some typical thermal constants that enter stress calculations are summarized in 
Table 17.1 [100, 101]. 


Table 17.1 Typical Thermal Constants at Moderate Temperatures 


Material 

ct (°F _1 x 10~ 6 ) 

C (Btu/lb °F) 

k (Btu/hr ft °F) 

A (ft 2 /hr) 

Pure aluminum 

14.0 

0.22 

128.0 

3.50 

Aluminum alloy 

13.0 

0.22 

91.0 

2.30 

Pure copper 

9.5 

0.09 

228.0 

4.50 

Brass (60/40) 

10.5 

0.09 

54.0 

1.10 

Bronze (90/10) 

10.0 

0.09 

24.0 

0.49 

Gold 

7.8 

0.03 

180.0 

5.10 

Silver 

11.0 

0.06 

240.0 

6.10 

Carbon steel 

6.7 

0.11 

26.4 

0.49 

Alloy steel 

6.7 

0.11 

13.2 

0.25 

Lead 

16.0 

0.03 

20.4 

0.94 

Magnesium alloy 

14.0 

0.25 

47.0 

1.73 

Pure nickel 

7.2 

0.11 

33.6 

0.56 

Iron-nickel (64/36) 

1.1 

0.11 

7.2 

0.12 

Platinum 

5.0 

0.03 

41.0 

1.00 

Tin 

15.0 

0.05 

37.0 

1.60 

Zinc 

14.5 

0.09 

67.0 

1.67 

Ceramics 

1.7 

0.20 

0.72 

0.021 

Concrete 

6.7 

0.21 

0.60 

0.020 

Typical glass 

4.5 

0.18 

0.48 

0.017 

Ice 


0.50 

0.13 

0.045 

Typical plastics 

11.0 

0.37 

0.24 

0.006 

Sandstone 

4.5 

0.19 

0.96 

0.029 

Granite 

4.5 

0.19 

0.30 

0.057 


Note: These values are good up to 400°F. Symbols: a, thermal coefficient of linear 
expansion; C , specific heat; k , thermal conductivity; A, thermal diffusion. 




